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INTRODUCTION 

Summertime  vsathcr  forecasting  In  the  Sacramento 
Valla/  is  usually  a  fairly  routine  procedure.  Normally,  th*. 
sky  La  clear,  the  tomperature  high,  and  the  humidity  lov. 
However,  the  penetratioo,  from  tba  San  Franclaco  Bay  roglon, 
of  cool,  moist  marina  air  into  the  Sacramento  Valley  area 
la  an  exception  to  the  normal  weather*  Such  Intrusions  can 
causa  the  maximum  temperature  to  fall  25 °F  or  more  and  the 
relative  humidity  to  lncraaaa  by  30  par  cant  In  2&  houra* 

In  addition,  the  intrusion  Is  accompanied  by  strong,  gusty 
winds  In  lea  Initial  stages* 

One  Important  reason  for  being;  concerned  with  i 
marine  Intrusion  Is  that  It  has  an  effect  on  forest  and  gras; 
fires.  When  high  daytime  temperature  and  low  relative 
humidity  parslata  for  any  great  length  of  time,  the  danger 
of  fire  In  the  Valley  and  surrounding  foothills  becomes 
extreme*  The  low  temperature  and  high  humidity  of  marina 
air  alleviate  the  fire  danger*  However,  if  an  Intrusion  of 
marine  air  occure  after  a  fire  haa  started,  high  winds 
during  the  early  stages  of  the  lntruaioo  fan  the  flames  and 
can  drive  the  fire  out  of  control*  *u«  high  winds  generally 
subside  after  the  initial  intrusion  and  thsn  the  marine  air 
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Is  ax>  asset  to  fire  control.  The  neteosolo&ical  conditions 
associated  with  tho  onset,  porslstencs,  or  absence  of 
marine  air  In  the  Valley  are,  therefore,  of  paramount 
importance  to  those  concerned  with  fire  control. 

Sports  activities  at  Folsom  lake  are  also  affected 
by  tho  marine  intrusion.  Strong  winds  during  the  incursion 
of  the  marine  air  make  svlualng  and  boating  hazardous. 
Suitable  warnings  to  the  public  could  be  oade  If  euch 
Intrusions  could  be  eccuratcly  forecasted. 

Many  other  agencies  In  the  Sacramento  area  arc 
affected  by  the  hi*3b  winds  usually  associated  with  the 
Incursion  of  marine  air.  Generally,  wind  speeds  in  excess 
of  20  miles  per  hour  are  consldartd  significant  enough  to 
warrant  taking  protective  measure*.  Commercial  and  public 
organisations  euch  es  Aerojet  General,  Douglas  Aircraft, 
and  the  Port  of  Sacramento,  need  to  know  in  advance  when 
they  should  lap lament  protective  measures  against  such 
winds.  It  has  not,  however,  been  possible  to  objectively 
forecast  the  occurrence  of  a  marine  Intrusion.  The  purpose 
of  this  study  Is  to  provide  a  mesne  for  making  such  fore- 
casts. 

Several  studies  have  been  conducted  on  the  nature 
of  marine  penetrations  into  coaatel  valleys.  These  Include 
love etlgat loos  by  Lowry  (1959),  Iceberg  and  Shroeder  (1966), 
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and  dchult*  (1961)  dealing  with  descriptions  of  the 
phcaosenon  and  lift  effects  upon  agriculture  And  forestry* 

Id  addition,  several  attta.pt®  havo  been  aade  to  forccaet 
uiajtiuuta  toaparatures  is  hacra&onto:  Karoos  (I960)  and 
Sinclair  (1961)  both  dealt  with  this  problem;  however, 
thair  forecast  eya teas  doalt  only  partially  with  the  marine 
penetration  factor*  So  ono,  to  th®  investigator*®  know¬ 
ledge  ,  ha®  conducted  a  do tailed  examination  of  tha  physical 
aspect®  of  tha  car in o  penetration  into  the  Sacramento  area 
and  coupled  it  with  a  forecast  systea* 

Tho  overall  goals  of  this  study  are  (l)  to  do scribe 
tha  physical  characteristics  of  the  oarine  intrusion,  (2) 
to  establish  a  staple  node l  describing  its  operation,  and 
(3)  to  develop  (a)  a  schece  for  forecasting  marine  intru¬ 
sions  and  (b)  an. objective  technique  for  predicting  the 
max  Isom  temperature  at  Saerausnto* 


CHAPTER  II 


DATA  COLLECTION  AND  SEA  BREEZE  THEORY 

Skasxmliaal  22 La. 

The  summer  of  1966  wee  the  time  of  cost  Active  Oat* 
collect Ion*  Most  of  the  physical  description  was  gleaned 
free  these  data.  Data  froa  1965  and  1966  wore  used  to 
develop  the  forecast  techniques,  while  random  selections 
from  the  suamors  of  1955  and  1964  were  used  as  Independent 
data  to  check  the  techniques. 

Since  the  major  ala  of  this  study  was  to  develop 
forecast  techniques  to  be  used  on  a  routine  basis,  only 
currently  available  weather  observations  were  used.  No 
special  instrumentation  was  used,  with  one  exception.  A 
1,530 -foot  television  t ran emission  tower  located  at  Valnut 
Crovo,  California,  lies  alonj  the  path  that  marine  air 
must  follow  to  reach  Sacramento*  Wind  speeds,  measured 
with  cup  anemometers  located  at  the  650 •  and  l,5C0-foot 
levels  of  the  tower,  were  received  at  0530  and  1530  hours 
TOT  dally*  Unfortunately,  wind  directions  were  not  avail* 
able* 

With  the  exception  of  that  obtained  from  the  tele* 
vision  cower,  all  other  data  for  this  study  come  from 
standard  Heather  Bureau  sources*  Observational  data 


Included  temperature,  pressure,  wind  speed  and  direction, 
dew  point,  cloud  cover,  and  upper  air  data  from  both  pilot 
balloon  (PI SAL)  and  radiosonde  observation*  (KAQB)  taken 
at  Oakland,  California  (RAOB  and  PIDAL);  fled  Bluff  and 
Frceno,  California  (PISAL  only);  and  Reno,  Nevada  (PIPAL 
only)  • 

First  order  and  supplementary  alrvaye  stations  of 
tho  United  States  Weather  Bureau  were  used  for  standard 
meteorological  data,  while  cooperating  observer  at at Ions 
were  used  for  maximum  temperature  readings.  The  network 
of  stations  used  la  shewn  In  Flyura  1* 

ggagifci.  2lBsaafil23> 

The  sea  breese  circulation  occur*  along  many  coasts 
of  the  world.  Because  of  the  different  heating  character¬ 
istics  of  land  and  water,  air  over  the  land  becomes  much 
warmer  during  the  day  than  that  over  a  water  surface. 
Upward  movement  of  the  overland  air  due  to  buoyant  forces 
upon  It  produces  a  pressure  gradient  aloft  directed  from 
land  to  sea  resulting  in  upper-level  seaward  movement  of 
the  air.  According  to  Riehl  (195&),  In  response  to  this 
mass  divergence  of  air  la  the  upper  levels,  low-level 
pressures  begin  to  fall  establishing  a  low-level  pressure 
gradient  from  sea  to  land.  Cooler,  more  dense,  marine  air 
responds  to  this  gradient  by  moving  onshore,  and  the  sea 
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breeze  circulation  is  established. 

According  to  Walling ton  (1961),  the  distance  inland 
to  which  the  sea  breeze  is  able  to  penetrate  io  dependent 
upon  a  number  of  factors.  First,  the  strength  of  the 
solar  radiation;  increased  insolation  tends  to  incroase 
the  laod-soa  tesperature  gradient.  Second,  the  direct  ion 
and  strength  o f  any  superimposed  general  wind  flow:  large 
scale  winds  In  the  same  direction  as  the  sea  breeze  will 
tend  to  reinforce  the  cea  breeze  flow.  Third,  the  depth 
of  the  marine  layer:  a  deeper  layer  is  capable  of  greater 
Inland  penetration  in  unmodified  fora  than  a  shallow  ono. 
Fourth,  the  sea  temperature:  cooler  water  offshore  increa¬ 
ses  the  land-sea  temperature  gradient. 

As  the  land-sea  temperature  contrast  increases,  Cos 
pressure  gradient  bo tween  land  and  sea  increases,  and  tho 
oca  breeze  accelerates.  According  to  Usurwitz  (1947)  and 
dciiaidt  (19^7),  with  no  retarding  forces,  tho  sea  breeze 
will  continuo  to  accelerate  for  as  long  as  a  land-sea 
temperature  gradient  exists.  This  will  yield  a  maximum 
sea  breeze  speed  well  after  the  uaxioux  temperature  differ¬ 
ence  between  land  and  sea  occurs*  However,  because  a 
certain  ainlcsua  tesperature  difference  is  required  to 
ovorcoaso  the  effect  of  friction,  the  sea  breezo  usually 
attains  its  aaxlnua  speed  at,  or  shortly  after,  the  maxioua 


temperature  difference  It  observed* 

Another  influence  ie  the  Coriolis  acceleration, 
which,  over  a  period  of  time,  deflects  the  see  breeze  fro;a 
a  direction  perpendicular  to  the  coast  to  eno  which  Is 
more  parallel  to  the  coast.  The  sea  breeze  is.  In  a  sense, 
sa If -regulatory.  As  the  sea  breeze  becomes  stronger,  more 
marine  air  Is  advected  Inland*  This  reduces  the  difference 
In  temporacura  and  density  between  the  lend  and  tea  air. 

As  the  contrast  is  reduced,  so  Is  the  pressure  gradient, 
and  the  sea  breesa  gradually  begins  to  lose  strength, 
eventually  dying  out  altogether* 


ciiAriEa  hi 


CCSS&AL  CLIMATOLOGY  A NO  TOPOGRAPHY 


Tcrcrjra^^cal  Influences  of  t?K  Arm 

Tha  onshore  pressure  gradient  produced  by  differ¬ 
ential  land-sea  heating  caucoo  a  soa  breeze  to  occur  along 
practically  the  entire  California  coast.  However,  except 
for  certain  low-lying  gaps  in  the  ccuntains  whore  aarir.c 
air  con  flow  Inland,  the  Coastal  Mountains  effectively 
block  marine  penetrations  into  the  Central  Valley  (Figure- o 
1  and  2).1  The  principal  gaps  include: 

1.  Petdluaa  Cop  •  Northwest  of  Saa  Francisco. 
Elevations  less  th&n  500  feet. 

2.  Eon  Bruno  Gap  -  Just  south  of  San  Francisco. 
Elevations  about  200  feat. 

3.  Golden  Gate  •  Sea  level  passage  into  San 
Francisco  Bay. 

A.  Carqulnes  Strait  -  Northeast  of  San  Francisco 
connecting  San  Pablo  Bay  to  Suisun  Bay.  Provides  sea  level 
passage  into  Central  Valley. 

The  city  of  Sacramento  la  located  in  the  northern 
half  of  the  broad  Central  Valley  of  California.  The 
Coastal  Mountain  Range,  with  average  elevations  of  2,500 


*Tho  numbered  points  connected  by  linos  In  Figure  1, 
pc~o  6  show  the  path  follotved  In  constructing  the  cross 
section  shown  in  Figure  2.  The  number#  along  the  base  of 
the  crons  section  in  Figure  2  correspond  to  tho  numbered 
points  in  Figure  1. 
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Loot,  lice  4o  nilae  to  tho  vast  of  Sacramento,  while  tbs 
oichlyoa  Mountains  Lie  160  allot  to  the  north  and  the 
Sierra  »ovada  Mountains  ora  00  alias  to  the  east.  uoutU* 
ward,  the  Veil®/  extends,  un interrupted,  lor  260  alia® 
ending  against  the  Teaachapi  Mountains.  The  Valley  floor 
is  eoaoutiaily  llat,  vitb  elevations  seldom  above  20u  foot. 

Off  the  coast,  the  ocean  bottom  drop®  rapidly.  Tha 
California  Current,  driven  by  th«  steady  northwesterly  I low 
around  the  eastern  edge  of  the  Pact  lie  high.  Hows  southward 
along  the  California  coast.  Coriolis  effects  acting  on  the 
current  impart  a  general  offshore  movement  to  the  surface 
water  inducing  a  pronounced  upwelling  of  deop,  cola  water 
off  the  coast.  The  upvelli r*g  produces  a  band  of  cold  water 
approxiaatoly  60  talles  wide  off  Son  Francisco  (Williams, 
1966).  Surface  water  temperatures  during  July  are  only 
about  54°/, 

The  primary  source  of  ear ins  air  Is  the  Pacific 
Ocean.  Karine  air  on tor log  the  San  Francisco  Bay  or 
Central  Valley  trust,  in  general,  pass, through  tho  Golden 
Cafe  or  over  the  northern  end  of  the  San  Francisco  Penin* 
aula  and  turn  northeastward  Co  reach  the  Carqulnoa  Strait. 
Tho  Petaluma  Gap  appears  to  be  loss  favorable  for  marine 
intrusions  and  contributes  very  little  to  marine  air  in 
either  tho  Zm  Francisco  Bay  or  Central  Valley. 
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Ao  chc  curia*  air  oaves  Inland,  it  is  modified  by 
tko  surface  over  which  it  passes,  the  modification  depend¬ 
ing,  in  large  pare,  on  the  temperature  of  Che  underlying 
surface.  The  Jan  Froncisco-San  Pablo  Bays,  however,  play 
an  important  role  in  preventing  extensive  modification  of 
the  marine  air  as  it  moves  inland.  The  temperature  of  the 
waters  of  these  two  Bays  is  cooler  than  the  surrounding 
land  area  during  tha  susacr.  Uonec,  air  passing  over  thorn 
will  not  bo  modified  to  any  groat  extent. 

Williams  (1905)  states  that  tho  Bays  themselves  aro 
kept  cool  by  tho  tidal  exchange  of  water  with  the  Pacific 
Ocean  through  the  Golden  Gate,  similarly,  the  temperature 
of  Juisua  Bay  vat or  la  kept  low  through  exchange  with 
waters  ol’  the  San  Francisco  and  San  Pablo  Bays,  via  the 
Carqulne*  Strait.  Tidal  current!  through  those  restricted 
channels  can  reach  six  knots  or  more. 

Tidal  flushing  is  loss  effective  In  keeping  water 
temperatures  low  in  the  large  areas  of  shallow  water  (loss 
than  10  feet)  than  in  the  deeper  areas  of  the  Bays.  Even 
in  those  areas,  however,  tha  temperature  of  the  water  does 
not  exceed  oceanic  water  by  more  than  15°F.  Thus,  oceanic 
air  noving  ovor  tha  Bays  appears  to  bo  only  slightly  eodiflad 
beforo  It  reaches  tha  l*ad. 
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In  thf  cummer  months,  the  air  t&sporatur*  increases 
from  tho  9^7  arc  a,  through  the  Carquincx  5  trait,  and  north* 
ward  up  the  Valley  to  Che  Siskiyou  Mountains.  Toe  semi¬ 
permanent  Pacific  high  pressure  coll  reaches  lea  oaxlmun 
development  at  this  time  and  dominates  tho  area  (Figure  3). 
Cyclones  rarely  reach  the  California  coast.  Meteorological 
conditions  existing  along  the  coast  arc  characterized  by 
northwest  winds,  subsidence,  and  scant  precipitation  (Hy era, 
1931). 

Conor*  ily,  a  ’’heat  trough”  can  bo  found  extending 
up  the  Central  Valley  from  the  Coraoran-Mojavo  Desert 
(Figure  3).  The  general  pressure  gradient  is,  therefore, 
onshore.  A  temperature  invars ion,  associated  with  sub¬ 
sidence  in  the  Pacific  high,  Is  usually  located  over  the 
area.  Cooling  of  the  marine  air  at  its  base  by  contact 
with  the  cold  water  offshore  and  subsidence-induced  v-raing 
aloft  combine  Co  strengthen  the  inversion. 

Air  approaching  the  California  coast  will  be  coci 
end  moisture  laden  duo  to  its  long  overwater  trajectory. 

As  it  flews  across  the  cold  band  of  water  offshore,  it  is 
further  coclod,  accentuating  the  temperature  contrast 
between  land  and  water.  The  cooling  la  often  sufficient 
to  cause  seme  of  the  moisture  to  condense  producing  the 
high  Incidence  of  fog  and  atratns  along  tbt  California 


coast  in  tho  eucxicr  (Fattou,  1036). 

V^rixeytuX  Pr^r ruro  fllatrifoitlon  and  Flow  PAtt^rna 

Ihc  norsal  pressure  distribution  for  July  (Flyura  3) 
chows  tho  Pacific  high  pressure  cell  located  veil  off  tho 
coast  and  a  thermal  trough  located  inland  over  tho  Central 
Valley  (Kciburgcr,  1961).  Higher  pressures  at*  found  to  t 
north,  oaot,  and  vest.  Those  pressures  are,  in  general,  1: 
equilibrium,  however,  marine  air  over  the  Ray,  being  colder 
and  heavier,  responds  to  thle  low  pressure  by  flowing  Into 
the  Valley* 

The  onshore  pressure  gradient  and  channeling  cff*. 
of  tho  coastal  mountains  produces  too  normal  flow  patter.... 
to  be  found  within  tho  carlo©  layer  of  air  (Figure  4).  *.» 

northwest  winds  found  along  the  ocaat  become  core  vector ly 
aa  they  arc  drawn  into  tho  lntorior  through  tho  Golden  d-t. 
cad  over  the  Son  Francisco  Peninsula.  Tho  channeling 
influence  of  the  Coldcn  Cate  produces  a  jet  that  moves 
eastward  but  tends  to  fen  out  as  It  coves  dovnstrcao.  Air 
peels  off  from  this  widening  fan  and  turns  southward  into 
the  Santa  Clara  Valley  and  northward  into  bon  Pablo  Say 
cad  on  Into  the  Petaluma  Valley.  Tho  northward  flowing 
current  bronchos  eastward  ever  San  Pablo  Day  and  Clowe 
through  the  Carquinea  Strait  into  the  Central  Valley.  The 
Strait  also  channels  the  flow  Into  a  jet  which  fans  out. 


turning  northward  and  southward  in  the  Sacramento  Valley. 


As  &  rooult,  tho  winds  observed  at  Cacraaento  In  summer 
or a  usually  rrcu  the  southwest. 

Tho  coa  breeze  along  the  coast  begins  lato  in  the 
morning  or  early  afternoon.  At  first,  even  low  lying 
obstructions  uay  act  to  block  the  eoa  bresso  so  chat  only 
the  Golden  Cate  servos  as  a  passage  Inland  for  it*  As  the 
day  progresses,  the  coa  breeze  layer  deepens  (see  Editor 
105') ,  Pauper  19C3,  and  Villlaaa  IOCS),  duo  to  turbulent 
mixing  induced  by  surface  heating  and  wind  mixing  induced 
by  the  increasing  apoed  of  the  sea  breeze  flow,  and  begins 
to  flow  ovar  the  low  lying  hills  of  the  San  Francisco  Eeni.< 
£ulh.  The  breeze  nay  develop  from  the  Hay  also  and  begin 
to  ueve  eastward.  Tho  two  flows,  oceanic  and  bay,  even¬ 
tually  vwrga  and  flow  through  the  C&rc-uincz  GtrAit  arriving 

in  dacrauxnto  late  in  the  afternoon  or  early  in  the  even  in., 

2 

no  a  strengthening  of  tho  southwesterly  winds.  The  depth 
^nJ  intensity  of  the  marina  layer  determines,  in  largo 
part,  whether  the  breeze  will  reach  Sacramento  and  how 
intense  It  will  be.  The  marina  layer  depth.  In  euro,  ia 
controlled  by  the  height  of  the  suboidooco  inversion 
associated  with  the  Pacific  high.  Mien  the  high  Is  dis¬ 
placed  onshore,  the  subsidence  effect  is  greatest  and  tho 
inversion  reaches  its  rcoxisrua  intensity.  Ac  this  ti»o,  tho 

2 

At  tinco,  tho  sea  breeze  way  develop  solely  from  th 
Day  and  there  will  be  no  combination  of  oceanic  and  bay  fie 


t- 


uarir.o  layer  Is  very  shallow  (Indeed  it  way  be  entirely 
ciimioatcd),  If  it  is  present,  it  will  be  quickly  modified 
as  It  troves  onshore  over  the  varsier  land.  The  influence  of 
the  sea  breeze  will  be  felt  for  only  A  short  distance 
inland,  In  addition,  the  shallow  nature  of  the  marine 
layer  prevents  it  from  flowing  over  the  higher  elevations 
of  the  coastal  hills  which  extend  north  and  south  of  the 
Carquinez  i trait. 

Occasionally,  the  Pacific  hiwh  cay  be  displaced  far 
offshore  and,  under  the  influence  of  decreasing  subsidence, 
the  marine  layer  will  reach  depths  sufficient  for  it  to 
move  inland  with  very  little  modification.  The  coastal 
hills  provide  very  little  blocking  effect  under  these  con¬ 
ditions,  and  the  marine  air  cay  extend  deep  into  the  Central 
Valley, 

Her Issntal  Pistrtt-utlon 

During  the  summer ,  the  temperature  difference 
between  ocean  water  and  load  surfaces  cay  become  as  ouch 
as  35°f  or  more  In  the  afternoon,  A  chart  of  neon  oaxicum 
temperatures  for  the  month  of  July  (Figure  5)  shows  the 
strong  afternoon  tempo r at ure  gradients  which  develop  along 
the  edges  of  the  various  water  surfaces  and  the  tongues  of 
cool  air  that  extend  across  the  San  Francisco  Peninsula, 
southward  into  the  Santa  Clara  Valley,  northward  Into  the 


Pctaluca  Valley,  and  eastward  through  the  Carrjuincz  Strain. 
The  bulge  In  the  isotherms  through  the  Strait  ie  reprorcr:~ 
tat i vc  of  Karine  incursion*  through  the  Carolines  Strait 
on  the  average,  (June  and  August  isothcra  patterns  are 
stellar  to  July’s,  but  vith  slightly  lover  temperatures.' 

It  chouid  be  realized  that  the  chart  doe*  not  repre¬ 
sent  the  temperature  distribution  at  the  sane  instant 
because  the  ncxinua  daily  temperature  1*  cot  reached  at  the 
care  tir.c  at  all  locations.  Due  to  the  cooling  influence 
of  the  sea  brcc2c,  the  daily  caxteum  i»  usually  reached 
earlier  In  the  day  at  locations  near  the  Bay  than  at  thosa 
in  the  Central  Valley*  See  Table  1* 


TABLE  X 

AVERAGE  TIME  OF  KAXXKUM  TEMPERATUES 
FROM  THE  BAY  INLAND* 


Citx 

San  Francisco 
OaUlaad 
Fairfield 
S&craccato 


Time  of  Maxianna 
SiSSL 

UOC  *>DT 
1530  FOX 
1605  FST 
1666  POX 


*Euocd  on  92  cases  from  June,  July,  end  August  1966* 
Tinco  were  octiaatcd  from  hourly  observations  of  the  U*  S. 
Weather  Bureau* 


CHAPTER  XV 


NA&XKE  AIR  PENETRATION  MODEL 


The  forecast  system  developed  in  this  et-i  Jy  was 
constructed  froo  a  ’’marine  penetration  model"  willed  des¬ 
cribes  the  nature  of  tho  pressure  distribution,  and  the 
resulting  wind  and  temperature  pattern*  which  are  believed 
to  be  related  to  tho  advection  of  aarino  air  Into  tho 
Sacramento— and  to  some  extent  the  San  Joaquin— Valley  of 
California,  Tho  model  Involves  the  delineation  of  three 
clause*  of  weather  patterns,  each  class  being  related  to 
the  subsequent  presence  or  absence  of  marine  air  in  the 
Valloy  and  to  the  corresponding  temperature,  pressure, 
and  flov  character 1  sties  typical  of  the  elsss. 

In  the  chapter,  an  attempt  vtll  be  made  to  cnalyza 
the  various  summertime  weather  patterns,  placing  them  in 
one  of  tho  three  classes,  Coes  this  has  been  acccmplished. 
It  will  bo  possible  to  describe,  label,  and  forecast  the 
classes  using  an  appropriate  statistical  technique.  The 
statistical  application  o£  the  model  to  the  forecast  systcsi 
will  be  diecuscod  In  the  next  chapter,  la  describing  each 
class  in  tho  rods l,  the  synoptic  situation  and  tcoteorclo- 
jical  conditions  which  occur  during  the  existence  of  that 
class  will  ba  discussed. 


22 


Class  I  days  arc  asnociat <d  with  a  general  penetratic.. 
of  r.arino  air  into  the  Sacramento  Valley.  Tho  flow  of  cool 
cerino  air  causes  maximua  temperatures  to  be  below  the 
seasonal  norruil  In  Sacramento. ^  During  the  Class  I  period, 
Che  eastern  portion  of  tho  Pacific  high  reaches  Itn  raxinuw 
seaward  displacement,  while  Inland,  a  general  area  of  low 
pressure  exists  over  Oregon  and  Nevada  (Figure  6), 

tilth  tho  high  pressure  cell  located  offshore,  subsi¬ 
dence  associated  with  tho  eastern  portion  of  the  high  in 
at  a  minimum  and  the  tacrine  layer  reaches  its  Rtoinun  d-'pttv. 
Marine  air  flows  through  the  Carquines  -Strait  and  over  all 
but  tho  highest  of  the  coastal  noun tains  in  a  broad,  deep 
layer  that  Is  modified  only  slightly  by  the  underlying 
land.  At  tines,  coastal  stratus  way  be  advected  into  the 
facronento  River  Delta  area  reducing  solar  Insolation  eo 
that  neither  the  land  beneath  nor  the  marine  air  above  Is 
heated,  further  reducing  modification  of  the  air. 

The  low  pro scur«  area  located  to  the  north  and  east 
to  cult  4  in  a  northward  directed  pros aura  gradient  in  the 
Valley,  while  high  pressure  over  the  ocean  to  the  west 
causes  a  well  developed  onshore  gradient.  The  result  Is  a 

*Ttio  seasonal  ooroal  ranges  from  3l°f  in  early  June 
to  a  hl£h  of  9W  io  mid-July* 


strong  (over  11  knots),  gusty  southvcaterly  wind  In  wAcra- 
cicnto,  Unlike  the  winds  non&all  j  associated  with  a  si*  a 
breoxe  circulation  which  Arise  due  to  surface  heating  (In 
cho  afternoon)  and  end  with  cessation  of  that  heating  (at 
runlet),  tho  carlne  penetration  begins  at  a ay  time  when 
the  synoptic  situation  is  favorable  and  nay  continua  throw. 
out  day  or  night.  The  intensity  of  tho  penetration  Is,  iu 
large  part,  dependent  upon  the  depth  of  the  rear  Inc  layer 
and  intensity  of  the  south  to  north  pressure  gradient. 

Aloft,  a  deep  trough  of  low  pressure  overlies  the 
area.  The  flow  is  well  organised  and  quite  strong  fro:  th 
i;outhwo3t  bolow  10,000  feet.  The  southwesterly  flow  cn  tl\,. 
oast  side  of  Che  trough  may  to  In force  the  surface  winds  on 
tho  initial  day  of  the  penetration. 

The  earinc  penot?  stlon  ©ay  be  a  brief,  one  day, 
occurrence  or  It  nay  continue  for  several  days.  Usually, 
tho  initial  penetration,  acccsrpoaled  by  strong,  gusty  wind,  ., 
will  fill  the  Valley  with  marine  air.  On  succeedin'  days, 
the  temperature  will  remain  below  the  seasonal  normal  but 
the  wlr.ds  will  be  much  lighter  from  the  south  wo  at  or,  quite 
often,  from  the  north  (from  290°  •  350°).  Uhile  it  might  U; 
expected  that  north  winds  would  prevent  marina  air  from 
entering  the  Valley  through  the  Carqulne*  Strait  and,  there** 
fore,  vita  tho  absence  of  Karina  air,  result  in  warming, 
this  Is  not  the  cam.  The  flow  le  the  result  of  the  absence 


or  tho  subsidence  Inversion,  which,  with  tho  retreat  of  the 
Pacific  hi,>h  has  been  dostreyed,  allows  northerly  Clew  on 
the.  west  side  of  tho  trough  to  reach  the  surface.  Tho  wind.) 
ndvcct  cold  air  southward  fror  northern  latitude**,  and  do 
not  result  in  tvaroin"  but  Instead  cause  cooling  in  tho 
Valley*  Hence,  the  lowest  r.axtnvrz  teeijyirature  ray  be  found, 
not  on  tho  day  of  the  initial  penetration,  but  on  the  day 
after. ^ 

An  intare»tln3  feature  njay  bo  found  in  tho  wax* aara 
teerperaturo  iacthera  patterns  of  Clasa  X  (Figure  7).  The 
Jet-like  penetration  of  cold  air  through  tho  Carru Voec 
;Uralt  thrusts  deep  into  the  Vatlcy  before  fanning  out  to 
north  and  south*  The  result  la  a  larfjc  pool  of  tram  air  ov. 
tho  lea  aide  of  tho  ©ouutaiae  to  tho  north  and  occaosionaily 
to  tho  south  of  the  Stra  t.  The  sarlno  air  actually  appears 
to  outer  Caerzeento  fro©  the  southeast  rathor  than  tho 
southwest.  Tho  ‘lee  side  effect”  causes  carlno  air  to  !>o 
delayed  by  one  day  in  reaching  Woodland,  Davis,  Vocc/ille, 
and  sonentiofl-s  Clarksburg.  Likewise,  the  war  in*  air  io 
usually  one  day  late  in  leaving  these  areas  at  the  end  of 
tho  nonet  rat  ion.  The  pattern  shown  In  7  i  jure  7  is  cosacon 
to  alwoflt  all  Class  T  days. 

2 

North  winds  r.ay  also  be  associated  with  coxiaura 
temperature o  that  arc  above  the  sea soaai  normal,  as  dis¬ 
cussed  in  a  later  section. 


Maximum  temperature  isotherms  for  Clcr 

day  of  July  6,  1965. 
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Table  II,  at  the  end  of  this  chapter,  gives  a  complete 
breakdown  of  tho  criteria  for  tha  various  classes*  Class  J, 
including  tho  Class  I  associated  north  winds,  is  designated 
by  a  "1"  in  tho  forecasting  system  (sea  column  beaded  Xy  in 
Table  II  and  sea  the  footnote  at  the  bottom  of  Table  II  for 
a  definition  of  Xy).  Tables  XZA  and  B,  located  in  the 
appendix,  procont  the  vortical  structure  and  pressure  data 
upon  which  tho  discussion  in  this  chapter  la  based*  Tables 
£XZA  and  B,  also  in  the  appendix,  present  the  variance  of 
the  data  shown  in  Tables  X1A  and  B* 

Clr.«r>  & 

Class  IX  cay  bo  described  as  the  true  sea  breeze  or 
tha  sea  brecso  shear  lino  situation*  Maximum  daily  tempera¬ 
tures  aro  equal  to  or  greater  than  the  seasonal  normal  in 
Sacramento  during  the  sea  breeze  period*  As  tho  sea  brccao 
begins  early  In  tho  afternoon,  temperatures  begin  to  fall* 
With  the  onset  of  darkness,  the  sea  breeze  dissipate c*  The 
class  may  bo  divided  into  three  groups,  tvo  of  which  are 
quite  similar  la  effect  but  somewhat  different  in  their 
cause* 

All  groups  represent  a  oll&ht  shoreward  displaccocnt 
of  the  Pacific  high  with  a  corresponding  lncreaco  in  sub¬ 
sidence  and  lowering  of  the  subsidence  invar cion.  Tho 
resulting  decrease  in  depth  of  tha  marine  layer  allows  loss 


cariao  air  to  pcnctrata  inland  resulting  la  os  iccrearcd 
rate  of  modificalica.  As  the  caries  layer  depth  decreases, 

It  descends  below  the  higher  mountains  to  the  north  and  sou., 
of  the  Carqulnes  Strait,  so  that  not  only  a  shall over  but 
also  a  loss  extensive  sarin*  layer  coves  into  the  Valley, 
tievortUoloss,  the  carlo*  layer  it  still  deep  enough  to  reac.. 
Sacraoecto  lato  in  tiro  afternoon  as  a  strengthening  of  the 
prevailing  southwesterly  winds.  If  north  winds  arc  occurrl.- 
in  too  Valley,  they  will  be  replaced  by  southwesterly  flow. 

The  shoreward  displacement  of  the  Pacific  high  estab¬ 
lish.;*  a  weak  ridge  over  Washington,  while  the  interior  Vail 
is  dominated  by  coxlaiua  development  of  the  thermal  trough. 
Pressures  ore  higher  to  the  north  and  east  (as  opposed  to 
the  low  pressures  of  Class  I)  so  that  tho  general  gradient 
is  directed  Valloyward,  In  the  me an tic*,  development  of  a 
deep  thermal  trough  in  tho  Valley  coupled  with  tho  onshore 
location  of  tho  high  pressure  cull  increases  tho  oaohora 
gradient.  Pressures  in  the  north  end  of  tho  Valley  fall 
rapidly  under  tho  Intense  beating,  creating  a  northward 
directed  interior  Valley  gradient  by  early  afternoon.  The 
marine  air  responds  to  this  situation  by  moving  Into  the 
Valley, 

Tho  Close  1IA  day  is  tho  true  sea  bronze  case.  In 
tho  forecast  eyotoa  it  will  bo  designated  by  a  "2"  (see  Ay 
in  Table  II),  ttasponding  to  tbs  intsnsa  heating  of  tho 


interior  Valle/,  marine  air  move a  through  the  Carquines 
Strait  and  Ileus  northward,  arriving  in  Sacramento  between 
16C3  end  1600  hours  POT  as  ca  Abrupt  increase  to  11  knots 
or  more,  with  streamer  gusts,  In  the  southwesterly  win d  (fir* 
2lb°-2S0°).  Tho  temperature  begins  a  rapid  dccltao.  As  c 
sot  approaches*  the  winds  decrease  to  less  than  10  knots  a 
cooling  destroys  tho  sea  breeze  mechanics,  Because  the 
breeze  arrives  so  late,  only  miner  reductions  in  the  oasis:; 
temperature  occur  and  temperatures  still  reach  normal  or 
above.  Class  ZIA  la  the  rarest  of  all  weather  types  to 
occur  in  Sacramento. 

Tho  description  of  Claes  IIS  Is  much  the  same  as 
Class  IZA.  liowover,  due  to  a  shallower  marine  layer, 
lessor  onshore  gradient,  and  higher  pressures  to  the  north 
and  case,  tho  aca  breeze  arrives  in  Sacramento  In  highly 
modified  fora.  Thera  is  only  a  slight  lccroaso  in  tho 
southwesterly  winds  to  greater  than  10  knots,  with  no  gus.  , 
and  temperatures  only  slightly  affected  If  at  all.^  (Thi.. 
is  usually  manifest  as  a  brief  delay  in  heating  until  the 
saa  breese  passes  through.)  The  sea  breeze  usually  begins 
later  In  the  afternoon  then  doe*  tho  Class  ZIA  wind  and  is 
usually  of  only  oao  or  two  hours  duration.  The  flow  la  no 

^The.  Class  1IB  wind  usually  reaches  a  speed  of  only 
12  or  12  knots. 


longer  a  coa  brccre  at  all  and  cay  better  be  termed  a  "sc. 
brecec  shear  lino*"  as  it  represents  all  that  renatns  of 
a  highly  codified  sea  breeze*  Because  of  its  minimal  Gffc.*.i 
on  Sacramento's  boating  and  winds*  tha  overall  pattern  io 
r.ucb  like  that  of  Claes  Ilia  (tco  next  eectica);  therefore  . 
Class  IIB  is  grouped  with  Class  111  in  the  forecast  oystc 
and  is  designated  by  a  *3".  The  Class  IIB  day  is  the 
cost  frequently  occurring  weather  typo  in  Sacramento  durlr 
the  cummer. 

I ho  physical  description  of  Claes  XXC  io  ouch  like 
that  of  Claes  ITA;  that  is*  an  afternoon  increase  of  the 
southwesterly  winds  to  11  knots  or  aiare*  with  gusts*  and 
rapid  dccrcaso  In  temperature.  However*  instead  of  decrc,.- 
slog  at  cuncct*  the  wind  usually  continues  bloving  at 
greater  than  10  knots  throughout  the  sight  and  develops 
into  a  full  marine  penetration  (Class  I)  by  early  corning. 

Tor  this  reason*  tho  Claes  Z1C  eoa  tree so  has  been  labeled 
the  pre-ear inc  penetration  sea  breeze*  Zc  is  the  result 
cot  only  of  interior  Valley  heating  and  weakening  of  the 
surface  high  pressure  ridge  but  also  of  a  general  retreat 
of  that  ridge  with  tho  attendant  deveiopoent  of  low  procures 
to  the  north  end  east*  The  lowering  pressures  allow  a  con¬ 
tinued  northward  directed  gradient  after  the  sun  has  set; 
banco*  the  continued  flow  of  marine  air  into  tho  Valley.  For 
classification  purposes*  Class  IZC  will  be  designated  by  a 


'*2"  la  the  forecasting  sys tea. 

Aloft,  a  weak  ridge  or  a  short  wave  trough  cay  "  .. 
round  in  association  with  Claes  IIA  and  113;  however,  CIa«- 
11C  Is  associated  with  Che  onset  of  an  upper  level  lew 
pressure  trough  which  deepens  and  leads  to  Class  X.  VI nd- 
aloft  below  10, COO  feet  are  well  developed  free  tho  south* 
west  ar.d  usually  quite  strong  for  both  Class  XIa  and  1IC, 
while  fer  Class  113,  the  winds  are  light  and  variable. 

"Xclo vision  Cover  winds  are  generally  light  in  tha  corning, 
hut  cay  be  somewhat  stronger  in  the  afternoon  for  all  thre- 
clnscoa.  Occasionally,  a  Class  IIC  ooa  breeze  cay  occur 
after  a  car  lea  penetration  instead  of  before. 

fite-m  III 

Class  111  defines  those  situations  when  there  is 
either  no  marine  air  In  the  Valley,  or  the  marine  layer  is 
so  shallow  that  solar  heating  modifies  it  befero  It  reaches, 
doer  anon  to.  In  either  case,  day  ties  maximum  temperatures 
In  Sacramento  are  above  the  seasonal  normal • 

Class  III  cay  be  divided  into  two  groups.  Class  II L  * 
which  represents  daylong  southwesterly  flow  of  lose  than 
or  equal  to  10  Unota  at  Sacramento,  and  Class  IIXE,  which 
represents  daylong  northerly  flow*  Both  groups  represent 
a  shoreward  displacement  of  the  eastern  portion  of  the 
ccai*pormcr.cnt  Pacific  high  pressure  cell  (Figure  b)t 


result  lug  la  increased  subsidence  and  a  corresponding 
sification  and  lover in 2  of  the  subsidence  Inversion* 
descending  inversion  confines  the  marine  layer  to  an  ever 
decreasing  depth  and  «ay  eliminate  it  altogether.  The 
marico  layer  is,  therefore,  rapidly  modified  on  ic  moves 
onshore  end  cannot  roach  Sacraconto  in  epite  of  the  edvec- 
tlvc  effects  of  the  light  southwest  vinia  of  Claes  111A, 

As  the  intensifying  inversion  lowers,  it  descends  below  t' 
level  of  tho  surrounding  Coastal  Mountains  leaving  only  t  . 
narrow  passage  through  the  Carqulnca  Strait  available  for 
marina  penetration  into  the  Valley*  This  further  reduces 
tho  extent  of  marine  pane t ration  inland*  Tho  northerly 
winds  of  Class  1I1B  swoop  the  Valley  free  of  marine  air, 
pushing  it  westward  through  tho  Carquines  Strait  and  out 
to  sea* 

iaa  Class  1IXA  day  Is  assoc tatad  with  a  ridge  from 
the  central  high  pressure  coll  extending  Inland  over  Ores-; 4 
and  Northern  California,  creating  higher  than  normal 
pressures  to  tho  north  and  east  and  balancing  the  usual 
onshore  pressure  gradient*  Gradients  In  the  interior 
Valley  are  weak  or  nonexistent*  The  existing  pressure 
distribution  causes  weak  southwesterly  winds  (frees  210°* 
250°)  of  loss  than  or  equal  to  10  knots  in  the  Valley* 

Occasionally,  a  coll  of  high  pressure  will  extend 
deep  into  Nevada  comp lately  reversing  the  onshore  gradient 


cad  creating  the  northerly  vlnds  (froc  3^ j°-030°)  of  Clasu 
TUB.  At  this  tiao,  the  Interior  Valley  gradient  is  direc 
lei  froa  north  to  south.  As  the  northerly  Clot/  descends 
the  slopes  of  tho  Slchiyous  and  Sierra  Revadas,  it  is 
varied  and  dried  adiabatic  ally  producing  very  hot,  drj 
vosthcr  in  the  Valley. 

Retreoboring  tho  Class  1  associated  north  winds.  It 
can  be  said  that  north  winds  produce  varying  in  the  Valley 
cal 7  If  they  are  gradient  Induced  (Class  IIIB).  If  they 
are  associated  with  a  trough  aloft  (Class  1),  they  produce 
cooling. 

Aloft,  a  high  pressure  ridge  overlies  the  area 
during  tho  Class  III  period.  During  Class  IIIA,  flow 
below  10,000  foot  Is  light  and  variable  as  are  tho  wi.. 
at  the  two  levels  on  the  television  tower.  During  Cl  „ 
IIIB,  flow  aloft  nay  be  light  and  vorloblo  or  quite  veil 
developed  froo  the  northwest,  north,  or  northeast.  , 

on  the  tower  are  again  light.  Class  IIIA  and  IIIB  will  1- 
designated  by  a  "3”  in  the  forecasting  systeo  (see  coluaa 
headed  in  Table  II). 


TASLT  II 


CLASSIFICATION  SYSTEM 
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90 •150*270° 
(couth  viatic) 
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(north  vindo) 
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Tcrr.*ratvirc 

>. normal  .... 
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1IU  or  IIS 
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The  parameter  X^  is  defined  by  the  respective 
discrete  classes  shown  In  the  above  table*  Its  purpose  la 
to  provide  o  continuous  variable  Cor  use  as  a  predictanJ. 


cma n:.s  v 


tiis  Foar.cAsuasc  tecunkuss 

hov  that  &  buuic  i-vJt'l  dc  tcribin.i  the  ope r~t  L...n 
too  oca  breeze  -marine  pent-: rat  loo  has  been  cstabIlshe-1, 
should  be  possible  to  use  the  it c del  to  develop  an  objec 
forecast  system,  before  tae  forecast  e/stes  coo  be  dev 
vped,  however*  a  choice  coat  be  made  as  to  which  method 
slat  1st  leal  analysis  Is  best  suite  J  and  coat  convenient 
use*  three  statistical  techniques  were  examined  before 
this  choice  was  atadfi.  The  following  discussion  will 
outline  the  advantages  and  disadvantages  of  each,  lead! 
to  the  selection  of  the  cot hod  employed  In  this  study, 

diarist  ica.l  ^.thodg 

In  general,  the  problem  of  developing  a  statl-..ti 
forecasting  procedure  requires  determination  of  the 
fuuctlcual  relationship  between  a  "predictar.d"'  (the 
variablo  which  is  to  be  predicted)  and  a  cumber  of 
"predictors”  (the  meteorological  oeasureisents  believed 
be  related  to  the  predictand  at  a  previous  time).  Or* 
functional  notation*  it  Is  desired  to  dctcroico 
v  ■  f(;<1#  x2* 

where  f(X^)  la  net  known. 


1 


The  cathead  leal  ly  cost  satisfying  method,  lice.;* 


multiple  regression,  requires  an  aasuapt ion  that  the 


relationship  between  the  tores  is  linear,  or  can  be  wade  j 
by  an  appropriate  transformation  ct‘  the  predict -a  variaM  a. 


Cisco,  io  ^crural,  o.ercorolo.iical  rclat ionthips  arc  Liahl, 


ncn-lir.car,  and  io  this  case  ars  cot  known,  a  jrcat  deal 


cf  preliminary  analysis  would  be  required  ia  order  to 


c'cterslcc  the  Com  of  the  relationship#  Furthermore,  ca¬ 


det  ere.  iaatioa  of  the  regression  equation  itself  would  tb  •  . 


require  exhaustive  dcsh-cn^putcr  analysis  and/or  the  aval. 


ability  of  electronic  computing  equipment.  finally,  it  h 


cot  been  the  general  experience  of  other  invert  Ipatovs 


that  such  techniques  produce  core  satisfactory  results  th-  ■ 
simple  graphical  methods  (Penofeky,  1063). 

buccc calve  stratification  ia  a  relatively  staple 
statistical  method  for  analyzing  data,  especially  non¬ 
linear  data,  wherein  tho  investigator  groups  all  of  his 


data  into  distinct  classif  icaticas.  herein  lies  the  eh  lot 


fault  of  the  syatca.  The  iovest ijacor  gradually  works  hiu 


way  to  a  point  where  he  has  used  all  of  the  relevant 


classifications,  yet  there  cay  still  be  some  data  rcwalnin.; 
which  does  not  fit  any  of  these  ^roupin^s.  The  problem, 
then,  ia  what  to  do  with  the  remaining  data*  If  it  Is  a 
relatively  snail  portion  of  the  sample,  the  temptation 


arises  to  o#tlcct  It  as  bein*  so  rare  that  It  is  not 


■ 


particularly  important  in  indicating  how  the  predict 


will  react.  However,  it  is  Juit  these  rare  combinative 
which  way  precede  important  meteorological  phenomena  eh.. 

LliC  investigator  wishes  to  predict,  ?n  the  ol^cr  h a;', J ,  ...  1 
the  portion  oC  data  in  relatively  large,  the  invest looter 
is  forced  late  cither  neglecting  a  large  portion  of  his 
sample  or  devising  new  classifications. 

duccca  ivc  graphical  regression  Involves  the  combi.-.  .- 
tion  of  successive  pairs  of  pro Jictoro,  each  pair  deterr..  h.~ 
iug  an  estimate  of  the  value  ot  the  pro die tend.  h’hen  we-, 
than  a  single  pair  of  predictors  is  used,  the  initial 
estimates  uvo  otuiil&rly  paired,  determining  a  new  ustLac.. 
of  the  value  ©i  the  predictand  in  which  four  predictors  o 
been  comb  Inca.  In  functional  notation  this  way  bo  oxpre..  .a 
as 


V  *  »  ^(^>^4)3 1  ^2^‘‘b>'s‘v^  ••• 

The  advantages  of  this  method  arc  numerous.  It  is 

relatively  simple  and  fast  requiring  no  equipment  other  than 
pencil  and  graph  paper*  Unlike  linear  multiple  regression, 
no  assumption  as  to  the  nature  of  the  relationship  between 
terms  Is  required.  Xn  fact,  the  data  arc  uced  to  deters;  -.0 
the  fore,  of  the  relationship,  thus  eliminating  the  need  lor 
excessive  preliminary  analysis  or  Involved  calculations  of 
the  regression  equation*  Once  the  data  have  been  plotted 


end  analysed,  on  idea  as  to  tha  usefulness  of  the  prv d 
tors  is  available.  If  tha  iaopletha  on  a  ;»iven  dia  ,.-c.c  . 
nearly  horizontal  or  vertical,  one  of  tao  predictors 
no  effect  on  the  predictaud,  If  the  preiictand  in 
randomly  on  the  Ula^ra*,  with  little  systematic  tr.'.u  , 
neither  of  the  predictors  on  that  particular  dta.^rc  -  . 
useful*  Other  characteristics  of  the  aetnod  include  th 
effect  of  the  order  of  combination  c(  the  predictors,  > 
is,  different  combinations  way  yield  dWlerenc  forecas 
values  of  the  preJtctand.  Thi?.  is  a  disadvantage  oi  th 
method..  In  general,  these  combinations  which,  cn  ti'.e  bo$. 
of  physical  reaoonin:*,  seen  to  have  a  joint  significance 
should,  of  course,  be  paired.  However,  while  the  reteov. 
logical  validity  of  this  Initial  relationship  cay  be 
juotified  In  this  earner,  Che  complexity  of  tha  secondary 
combinations  generally  defeats  any  attewpt  to  analyse  t. 
relationships  on  the  basis  of  a  possible  theoretical 
connection  (Panoi'sky,  1963;  Air  Weather  Service  Manual, 
195S),  This  wa»  the  method  finally  settled  upon  as  beir..-, 
most  suitable  for  thla  study, 

ills.  iHiias.  Mcoofc ration 

ivr iipd.  Too  first  forecast  attoupted  was  the 
occurrence  or  noa -occur reace  of  the  sianno  penetration. 


IQ 

Using  the  bull  ideas  developed  la  the  eerie*  penetration 
nodal,  tlx  variables  were  f hoses  as  predictors  of  the 
penetretloa*  These  variables*  shows  is  Table  111,  w*re 
graphically  eeehisod  sslsf  the  ssssessivs  graphical 
r*gr*ssles  seth«4« 

TABU  til 


HABIBS  PCBBTEATIOB  XIBBMSDFKI  TAR  TABLES 


Pressure  differ esc#  rDX-SfO 
Pressure  dlfferesee  * BO -SAC 

Inversion  base  pressurt 
SUU  wind  speed 

Pressure  dlfferesee  XBL-3AC 
24  hour  1000-700  ah  thlekaess 
OAK 


© 

© 

© 


The  first  pair  sf  predie ter a  e ho sea  were  the 
Portland,  Oregos  -  San  Frees lseo,  Call fore la  (POA-oFO) 
anu  the  Bene,  Nevada  *  Saoraoeato,  Call fora la  (AM0-&AC) 
praasure  dlfleraaaas*  The  variasaa  ef  the a*  predictors 
lor  the  various  glasses  say  be  fetmd  ia  Tables  XI La  and  B 
in  the  appeadia*  The as  predictors  were  ehosea  as  being 
repreaentative  si  tbs  Berth -south  sad  east -vast  pressure 
gradients  respectively*  Ac  scab,  they  are  ladleatlve  of 
the  preeeaoe  or  leak  of  a  ridge  ia  the  Oregoa-Neveda  area. 
Positive  values  iaply  a#  aariae  penetration,  vhlle  negative 
values  isdleete  peaetretiea*  The  scab last lee  ef  these 
variables  yielda  the  astlaata  af  the  stveagth  ef  the 


*1 


atrlM  ptottntlt*  4iii|ait«4 

The  second  pair  ef  predictors  mere  the  Oakland, 
California  (OAK)  inversion  baa#  prascur#  and  tha  Fair f laid, 
California  (SOU)  wind  tpaad  (sustained  wind  speed  only, 
gusts  ara  not  taken  lata  account) •  Tha  variance  of  the 
Oakland  Inversion  bate  pressure  for  the  various  classes 
nay  be  found  in  Tables  XX1A  and  B,  Tha  Inversion  base 
pressure  represents  the  depth  of  the  marine  layer,  uhllc 
the  Fairfield  wind  speed  provides  an  Indication  of  the 
proximity  end  rate  of  flow  of  the  marls#  air  ae  It  pene¬ 
trates  throejrh  the  Cerqelaea  ftrait  and  late  the  Sacramento 
River  Delta  area.  Tha  senblaatloa  ef  these  variables 
ylelde  Tr 

The  final  pair  ef  predletere  vers  the  Red  Bluff, 
California  -  Saorenente,  California  (RBL-SAC)  pressure 
difference  end  the  84  hour  thickness  ehangs  (1000-700  mb) 
as  measured  from  ths  Oakland  radiosonde  observation.  The 
Red  Bluff  -  Sacramento  pro sente  difference  represents  the 
Interior  Talley  pressure  gradient,  nearly  sero  for  Class 
111  but  negative  for  Class  1,  nhtle  the  thickness  change 
gives  e  measure  of  the  cold  air  adveetlon  into  the  area 
providing  an  lndlaatlon  ef  the  potential  for  trough  devel¬ 
opment  aloft  end,  therefore,  of  marine  penetration. 
Combining  these  variables  yields  Tj»  All  date  mere 
collected  from  the  9300  hour s  W!  obeervatloo. 
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Initially#  viltita  of  X^  and  van  plotted  on  * 
scattergraa.  On  this  dl«|r«i,  values  of  Xj  fro*  Table  II, 
Chapter  tV  were  tibulitid,  Tha  data  vara  than  smoothed  by 
averaging  groups  uf  tan  data  point a,  and  Isoplatha  of 
vara  drawn,  Tha  laoplatha#  danotad  by  Y^,  represent  a 
preliminary  estimate  af  X^,  Similarly#  tha  other  predictors 
vara  combined}  Tj  rapraeanta  an  estimate  of  Xj  predicted  Iron 
tha  graph  with  Xj  and  X^  aa  coordinates,  and  Y^  an  estimate 
of  Xj  iron  Xj  and  X^,  Rant#  and  Y^  were  combined,  aa 
function*  of  four  in dependant  variable*#  to  yield  Y^. 

The  final  graph#  represent Ins  the  combination  of 
Y2  and  Yf#  produced  the  final  forecast  of  X^#  denoted  by 
Yj,  Actual  valves  of  l^.y  and  eonputad  rales s  of 
nay  be  found  in  Table  XIII  la  the  appendix,  figures  9a»#  are 
the  forecastles  graphs.  To  make  a  forecast,  one  osrely 
determines  ths  values  for  each  of  tha  Initial  predictors 
and  enters  these  values  on  the  appropriate  staph  to  obtain 
Y2#  t2#  and  Y y  That*  valuta  art  used  In  the  succeeding 
graph#  to  obtain  Yg  and  ly 

For  values  ef  Yj#  ths  fallowing  seals  was  used  to 
provide  a  bast  cctinata  of  the  throe  categories  of  marine 
lnfltf#neff*n*rally  represented  by  the  throe  olaases  of 
ths  ear  loo  penetration  modnl# 


PDX-SFO  Proajuro  Difforo 


Figure  5b.  .n*riae  pca#tr«t:&a  fcrccaj  t 


Fi^ar*  9c.  Karioe  I'&a  forecast  $r*pa 
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tftrtot.IallHMmt  SJaii 

1*0  -  1.6  Karina  ptnitutlii  I 

1*7  *  2.1  !•«  brutio  1IA  and  C 

2*4  *  2.0  Little  cry  m  acrlac  II IA  and  B 

Influence  and  118 


Kfulti.  After  tba  fen)«itt»|  diagrams  vara  con¬ 
structed,  tva  acta  af  data  (tha  original  tat  froa  1963 
and  1966  need  ta  tea* tract  llu  grc^hi  and  an  Independent 
sample  fra m  1964)  vara  used  ta  aback  tha  accuracy  af  tha 
dlagraaa.  tha  validity  af  tha  diagrams  could  thus  b« 
examined  by  comparing  tba  results  galaad  fren  uilig  tha 
d« pendant  aaapla.  Sines  tha  raaalta,  using  tha  tvo  aata  of 
data,  vara  not  tea  dissimilar,  it  vas  assumed  that  tha 
forac4Ut  diagram  aura  yalld.  In  addition,  by  using  both 
tha  dapandant  data  as  veil  as  an  lndapandant  sample,  a 
total  af  thrsa  years  data  vara  used  in  deteralnlng  tha 
validity  of  tba  diagram*. 

Looking  first  at  tha  dapandant  data  sanpla,  feveral 
things  can  be  da tarn load  fron  Tabla  XIII.  is  a  highly 
variable  predictor  subject  ta  rapid  and  sodden  changes  batvsan 
predict loos  of  no  marina  pane t rat Ion  and  marina  penetration. 

It  la,  there fora,  vary  aseful  la  predicting  tha  change 
fron  «m  a  lass  ta  tha  ether.  Similarly,  Yj  la  also  highly 
variabia  and,  tbarafacn,  a  goad  forecaster  af  chduga.  t}, 
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on  t:h«  other  bead,  it  extremely  conservative.  For  tho  soot 
pert,  values  of  Yj  toad  to  center  about  aa  Xy  value  of  "2"# 
Table  XVA  It  a  ousperlsto  of  ferecaat  occurrence • 
of  tj  to  the  actual  occurrence  of  Xj  baaed  oc  the  re  cults 
shown  In  Tabic  XXXI*  As  tan  be  coca,  there  acre  46  actual 
oases  ef  Class  1,  IF  of  Class  XX,  sad  72  ef  Class  III*  T^ 
and  Tj  acre  successful  la  forecastles  HOI  or  more  of  the 
occurrences  ef  Clast  t  and  111*  However,  they  vert  quite 
unsuccessful  la  forecast las  Class  II.  Yj,  on  the  ether  band, 
was  correct  aore  then  SOX  ef  the  time  la  forecaetlas  Class 
II  although  lees  accurate  la  forecastles  the  other  classes* 

It  le  clear,  then,  that  Yj  is  the  best  forecaster  of  the 
sea  breese  and  la  aeadad  if  such  a  forecast  Is  to  bo  made* 

The  eoabiaatloa  ef  and  Tj  yielded  an  immediate 
Improvement  la  the  forecaetlas  of  both  Close  I  and  III  and 
also  Increased  the  accuracy  ef  the  forecast  of  Class  Hi 
however,  there  wee  a  correspond las  decrease  ef  the  accuracy 
of  Yj  la  forecaetlas  Claes  II*  The  combination  of  Yj  and 
Tg  again  brought  set  Improvement  to  the  foreoast  of  Class  I, 
a  slight  loss  of  accuracy  la  the  forecast  of  Class  III,  and 
no  change  la  the  accuracy  ef  the  forecast  ef  Class  XI*  The 
overall  accuracy  after  the  addition  of  Yj  to  Yg  was,  however, 
increased*  From  Table  IYA,  It  appears  as  though  each 
predictor  pair  contributed  ilgalflcaatly  to  the  Improve* 
meat  ef  the  fereaaet* 


TABLE  IVA 

C3K?AaiJ0H  or  FORECAST  OCCSJHSSKCES  or  T* 
OCCS&KEKC^S  or  X,  D’PEtfDSJTT  DATA 


•Tl  *  «  *  J  >T  «  I 
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Both  the  per  cent  lonrNt  md  the  •kill  ecore  were 
computed  ii  ehown  in  Table  V*  Briefly!  the  multi 
wni  751  eorreet  end  a  skill  score  of  .31. 

The  independent  saaplc  ef  60  eetee  from  July  aad 
August  1966  «ee  examined#  The  iim  procedures  were 
followed  with  elalier  result*  <eee  Table  1TB)#  Again,  T^ 
correctly  for* oast  Class  11  (in  feet  it  hit  a  phenomenal 
13  out  of  16  ef  the  Clata  II  occurrence a) .  end  were 
again  better  then  SOX  la  fores est leg  Claassa  I  and  III# 

Yg  showed  a  slgaifloant  Improvement  over  Tj  In  the  Claea 
11  forecast,  while  again  the  Claes  111  feretaat  suffered  a 
drop  In  accuracy#  Yj  produced  a  more  accurate  forecast  on 
the  whole  than  any  ef  the  other  fereceets,  scoring  37  eat 
of  M  forecast*  correct# 

The  contingency  table  shown  la  Table  VI  yielded  a 
per  cent  correct  of  70X  while  the  chill  score  we*  #61# 

This  apparent  "lnprovcaeat"  over  the  dependent  data  la 
believed  to  be  a  non -sign  If  leant  variations  a  chi-square 
test  of  tha  difference  la  seer e a  ladloatsd  this  to  be  tbs 
ease#*  Table  XIV  la  the  append  la  shove  the  actual  data  for 

*vhilc  tha  validity  ef  statistical  tests  of  this 
kln<4  an  isa tt serological  data  is  somewhat  uncertain #  tha 
results  la  this  ansa  support  the  intuitive  feeling. 


TABLE  f 


HAIIKX  PEMTlATlOd  fOBRCAST  OrPlIDflT 
DATA  COVTISSEMCT  TABLE* 


FORECAST 


1.0* 

1,4 

!•?• 

1.1 

D 

1 

» 

u».» 

• 

10 

1 

4j 

t 

I 

0*4) 

7 

17 

1 

4 

10 

it 

<!».•> 

71 

40 

t7 

4B 

115 

fe*  Case  Correct i  X  100  *  711 

mu  sum 

ifrrS  ■»••’* 


•Oo  All  ccatiaieacr  UbliBi  the  ember  a  la  pare&theaea 
la  a  Boa  ara  tha  aaabar  of  uni  ok lth  veeld  occur  by  cbaaee 
la  that  Box,  Bated  oa  ibo  aarcUal  total*  of  tho  tablet. 

The  to  are  tBt  "atatty  oafoetaO  0001001**  It  the  tkill  toore. 


«od  tor  the  independent  simple* 

ItoiiUBi  ihi  ttMlww 

Method*  Tha  for*uitli|  dl«|rioi«  for  determining 
the  uxUkm  temperature  woro  developed  la  the  mom  manner 
u  those  «Nd  la  fort«utli|  tha  narlta  penetration*  In 
addltlon»  essentially  tba  sane  predictors  worn  uoo d, 
although  la  BooavlMt  dlffornat  toahlaatloat  and  with  ooo 
change*  Horn i  instead  of  using  the  soalo  value  of  Xj  (1, 

2,  or  5)  n  the  aetual  anal  ana  temperature  that  occurred  on 
tho  day  of  tho  observation  was  plot  tod  oa  tha  soattorgrna 
aad  analysed* 

Tho  ladopoadoat  varleblss  asad  an  shown  la  Table 
VII*  As  eaa  bo  soon,  tha  initial  pair  of  predictors,  tho 
Portland  •  baa  Prana 1 ooo  aad  Kano  -  Sacramento  pro* turn 
differences,  yloldod  Z^»  Tha  Oakland  inversion  base 
pros euro  aad  tho  had  Siaff  *  Stercneoto  pressure  difference 
were  combined  on  tha  aotaad  di  agree  to  ylald  Ij.  finally, 
tha  Fairfield  vlad  speed  aad  tha  130  mb  taaparatura 
(reduced  dry  adiabatic  ally  to  tbo  surface)  froa  the  Oakland 
radiosonde  observation  were  combined  to  ylald  ly  Again, 
all  data  were  taken  froa  tha  0300  hours  POT  observation* 

Tho  150  mb  temperature  replaced  tha  1000*700  mb  24 
hour  thickaesa  change  baaaaaa  an  most  days  it  seems d  to 
corralata  flits  vail  with  tho  observed  mas  imam 


temporatura 


in  Bacraaonto*  Oo  »oit  days,  surface  hosting  occurs  until 
the  tooporaturo  rilobtl  that  of  th<  850  mb  Urol*  Any 
furthor,  haatlag  products  a on oast Ira  nlslng  vblebi  sproada 
tbo  hf  at  through  a  daop  lijtr  of  tht  at  no  sphere  retarding 
further  hittltf  tf  :be  surface  layers* 

TAtU  YXX 

MAXIMUM  TEMPKKATUKI  XlDtftlOfUfT  YARlABUfl 

Pressure  difference  PDX*5ro  (X.)  , 

Pressure  difference  MO-SAC  (xj|)  *1 

Zi 

Inversion  bat*  pniim  OAK  (X.)  - 

Pressure  difference  11L-XAC  (Xp  z2 

5U0  wind  speed  (X.)  ,  *5 

•50  nb  t«ap«r*tttra  {xj)  4I 

Tbn  values  ef  2^  and  Zg  worn  eoobined  to  yield  2^. 

2^  and  Z|  worn  combined  to  yield  Zy  tbo  forecast  of  X^« 

The  forecasting  diagrams  aro  shown  la  Flgursa  lOa-e,  wbiU 
tbo  actual  v«1mi  of  Xg,  and  tbo  coaputed  values  of 

Zj^j  ata  shown  la  Tabla  XV  in  tbo  appendix* 

Results*  Again v  aa  with  tbo  aarlno  ponotratioo  fore* 
oast,  two  tots  of  data  wtro  wood  to  shook  tha  accuracy  of 
tbo  dlagroMti  hownro rt  this  tins  tbo  independent  data  eae* 
freo  1958.  Fren  looking  at  Tabla  XV,  it  nay  bo  do ter - 
•lead  that  Ig  and  Sj  aro  tbi  mt  tar  labia  par  anon  tors, 


II 


wiill*  Z  li  slightly  nor*  conservative,  Reno*,  It  would  b* 
expected  that  Z k  and  2  j  would  respond  much  nor*  quickly  to 
th«  change  frwa  Class  I  t*  Cl***  111,  while  Zj  would  «*t  ** 
*  Moderating  Influence* 

For  verification  purposes,  tb*  temperatures  were 
divided  lot*  four  class  Intervale:  !•••  than  B0°F,  30-39°/ 
90*99°F,  and  greater  than  or  equal  to  100°F, 

Looking  flrat  at  the  dependent  data,  Table  WIIIA  l« 
a  conparleon  of  foreoast  occurrences  of  Z^  t#  ttvo 
occurrence  of  Xj  baaed  on  the  result*  in  Table  XV.  There 
were  20  actual  eases  of  tenperatorea  less  than  BQ°F,  A} 
of  tcoparaturoe  free  IQ-B9°F,  60  of  temperature*  front 
90-99®F,  and  26  of  tester atwr* a  greater  than  or  equal  to 
1QQ°F.  were  successful  in  forecasting  correctly  over 

50 X  of  the  tine  for  the  two  elaea  Interval*  60-S9°F  end 
90-99®F,  but  war*  nuch  less  successful  In  foracaotlog  the 
other  two  Intervals*  The  combination!  of  and  I2  to  yield 
Zg  provided  an  lnprovenent  in  the  forecast  of  the  class 
Interval  greater  than  or  equal  to  100°F,  and  yielded  little 
change  In  the  other  intervale.  The  total  cumber  correct 
for  Zg  was  greater  than  for  X^, 

The  eonblnatlon  of  Zj  and  to  yield  Z^  provided 
notable  lnprovenent  In  the  forecast  of  tha  class  Interval* 
las*  than  fO*F»  K'«M*F|  and  tremendous  lnprovenent  of  the 
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greeter  than  or  equal  to  100*T  Interval*  There  wee  a  slight 
decline  In  the  accuracy  of  the  90-99 interval)  however* 
the  total  ouabar  of  correct  forecasts  vae  significantly 
better  than  any  of  the  other  forecast®  of  l •  Hooce,  it 
appear®  a®  though  each  predictor  pair  la  contributing  to 
the  improvement  of  the  forecast. 

Both  the  per  cent  eorrect  and  the  skill  eoore  were 
computed  as  shown  In  Table  IX*  The  result®  were  67X 
correct  and  a  skill  scor®  of  *50* 

The  independent  tenpin  of  46  caeca  from  August  and 
September  1938  wa®  e saulced.  The  result®  were  not  a® 
favorable  aa  they  were  for  the  dependent  seaple  (see  Table 
VIII  B).  did  not  produce  the  bast  forecast®  as  the  total 
number  correct  for  Zj  wee  only  27,  and  Zj  produced  a  total 
number  correct  of  S3*  The  reason  for  this  is  thought  to 
lie  In  tbn  relatively  snail  alee  of  the  aanple  and  the 
fact  that  only  13  of  the  46  cases  fsll  in  the  two  class 
intervale  less  than  &0°P  end  80-89°F.  Sever the less,  the 
skill  score  and  per  cent  eorratt,  which  were  .32  and  39X 
respectively,  were  quite  #iaiiar  to  those  computed  for  the 
dependent  data  (see  Tabic  X).  Thera  wav  a  slight  reduction 
In  accuracy  from  the  dependent  data)  however,  the  differences 
In  ecoras  were  non-significant  when  tasted  by  tbs  chl-squar* 
test  (set  foo toots  1,  page  31).  Tabla  XVI  in  the  appendix 
gives  actual  valeas  cf  Xfl,  and  tempo ted  velvet  of 

for  the  independent  sample* 
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CflAPTM  VI 


CORCLU5IOH 

Pssenr tally,  the  hijh  degree  of  skill  displayed  by 
the  marine  penetration  and  maximum  temperature  forecast 
techniques  Justifies  acceptance  of  the  serine  penetration 
model  described  In  Chapter  IV, 

With  respect  to  the  model.  It  seeas  as  though  the 
Pacific  high  pressure  cell  is  definitely  connected  with 
the  occurrence  of  the  marina  penetration,  as  witnessed  by 
the  high  degree  of  accuracy  of  the  forecast  of  Class  I 
and  Clasa  III,  On  the  other  hand,  the  development  of  the 
thereat  trough  In  the  Interior  Valley  of  California  Influ¬ 
ences  the  development  of  the  sea  breast  aa  witnessed  by 
the  aecuraay  of  Y^  In  forecasting  Class  IT. 

The  Isothera  pattern  shown  In  Figure  8  clearly 
Indicates  the  aoveeoot  of  cool  marine  air  from  the  ocean 
Into  the  Bay  and  fro*  the  Bay  Into  the  Central  Valley  through 
the  Carqulnex  Strait,  The  development  of  a  jet-llke  core 
of  oool  air  through  tha  Strait  Is  a  convincing  picture  ot 
the  marine  penetration. 

The  depth  of  the  marine  layer  Is  also  dominant  in 
tha  marina  penetration.  It  Is  evident,  that  on  days  when 
the  temperature  Inversion  in  low  and  the  marine  layer  shallow, 
no  serious  penetration  will  aaeur.  With  a  deep  marioe 
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layer,  penetration  It  not  only  poeeible,  but  probable. 

It  items  evident  that  tht  basic  idea  of  the  model 
It  correct,  although  all  of  tht  variable*  may  not  work  for 
•very  cat*.  When  they  do  not,  the  strength  of  tht  penetra¬ 
tion  It  reduced*  Indeed,  on*  would  nor  expect  a  harooolou* 
working  of  every  variable  for  every  penetration.  Clearly, 
though,  observation  of  the  variables  set  forth  should  give 
some  Idea  of  the  occurrence  or  non -occurrence  of  the  marine 
penetration.  The  overall  ueefulneie  of  thl*  forecasting 
system  can  only  be  proven  by  actual  in-etatlon  met.  It  was 
toward  thla  end  that  the  study  was  undertaken,  and  hopefully, 
It  la  thle  end  which  the  study  will  fill. 


REFERENCES 


Byers,  A.  R. ,  1931,  Character! itlo  Weather  Phenomena  of 
California*  MTT  Mefeorol.  Papers,  Vol.  1,  no.  2. 
Caabridge,  Man.  34  pp. 

Department  of  the  Air  Force,  1933.  Soma  Techniques  for 
Deriving  Objective  Forecasting  Alda  and  HothoJa, 

x,r> M  103-40  (RF>V).  31  pp. 

Edlnger,  J.  A.,  1939,  Chang* a  In  the  depth  of  the  marine 

layer  over  tha  Los  Angel* a  basin.  J.  Metnorol.  4o(6)i 
219-226. 

Fosberg,  M«  A.,  and  M.  J.  Schroadar,  1966.  Marino  air 
penetration  In  Central  California.  J.  Mrtcorol. 

3(5):  373-389. 

Harman,  V*  F.t  I960.  An  objective  method  for  forecasting 

the  maxima®  temperature  at  Sacramento,  California.  In: 
Forecasting  Maximum  and  Minimal*  Temperature,  Forecasting 
Cuida  Mutnbcr  4,  United  State*  Department  of  Cocneico, 
Uaathar  Bureau,  59  pp. 

Haurvlcs,  B.,  1947.  Comments  on  tha  aaa-braaaa  circulation. 
J.  Mat corcl.  4(1);  1-8. 

Kaupcr,  f*.  K. ,  I960.  The  *one  of  discontinuity  heteroo  tha 
land  and  aaa  braaaes  and  Its  importance  to  southern 
California  alr-pollutloo  ftudle*.  Bull.  Am*  Meteorol. 
Society*  41(8):  410-422. 

Lowry ,  V,  P,,  1939.  Energy  budgets  of  several  environments 
under  saa-breeae  advectlon  In  western  Oregon.  J. 
Meteorol.  16(3) l  299-311. 

Helbur^er,  M.,  D.  5,  Johnson  and  C.  V.  Chlen,  1961.  Studies 
o:  tha  Structure  of  the  Ataosphere  Over  the  Eastern 
Pacific  Ocean  la  Samar.  0.  of  Calif.,  Berkeley, 

94  pp, 

Panofaky,  It.  A»,  and  C.  tf.  Brier,  1963.  feme  Applications 
of  Statistics  to  Meteorology.  The  Pennsylvania  Stata 
University,  University  Park,  Pennsylvania,  224  pp. 


Patton,  C.  P,,  1936.  Cllcatology  of  Summer  Fogs  In  San 
Francisco  Bay  Ant.  tJ,  of  Calif.,  Berkeley,  200  pp. 

Root,  H.  F. . ,  I960.  Sod  Francisco,  the  air  conditioned 
city.  Voatharvlee.  13(2) i  *7-36. 

Rlehl,  H.#  193A,  Tropical  Meteorology.  McCrav  Rill  Book 
Company,  Inc.,  Raw  York,  392  pp# 

Schmidt,  F. «  K. ,  19A7.  An  elementary  theory  of  the  land 
and  sea-breeae  circulation.  J.  Keteorol.  6(1): 
9-13. 

Schulte.  H, ,  H,  B.  Akeeeon,  and  W,  F.  Yates,  1961.  Tho 
delayed  tea  brecse  in  the  Sacramento  Valley  and  the 
resulting  favorable  condition  for  application  of 
pcutlcldca.  Bull.  An.  Metsorol.  Society.  62(l0)i 
679-637. 

Sinclair,  P.  C«,  1961.  Forecast  tog  Suansver-Tlne  Maximum 
Temperatures  at  McClellan  Air  Force  Rase.  Station 
Forecast  Manual,  d  pp.  (unpublished) 

United  States  Department  of  Commerce,  1966.  Climatic 
Summary  of  the  TTnited  States  -  Supplerent  for  1951 
through  1960  -  California.  United  Statee  Government 
Printing  Office,  Washington,  D,  C.,  216  pp. 

Wellington,  C.  R.,  1961.  Meteorology  for  Glider  Pilots. 
Unwin  Brothers  Ltd.,  London,  2d*  pp. 

Williams,  V.  A.,  and  I.  K.  DeMandel,  1966.  LenU-5ea 

Boundary  Effects  on  Snail  Scale  Circulations.  San 
Jose  State  Collage  Meteorology  Department  Research 
Report,  97  pp* 


AFF1MDIX 


TABLE  *U 


AVERAGE  PRESSURE  OF  INVERSION  BASE  (OAK) 
AMD  PRE3STOI  DIFFRRFMCE3  AT  0  500 
PDI  BASED  OK  92  CASE 3  IK  L$66 
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AVERAGE  PRESSURE  or  INVERSION  RASE  (OAK) 
AND  PRESSURE  DIFFERENCES  AT  17 DO 

PDT  BASED  OK  92  CASES  IK  1966 


ErggfVtg  FHfferfncey 
Irv 


£1*11 

P«8* 

PDX- 

RNO- 

RBL- 

#  of 

fill 

PFQ 

£«?u 

niA 

997  »b 

3.9  «b 

2.4 

-1.0 

15 

II  IB 

1001 

7.3 

3.6 

.1 

10 

XIA 

9d5 

3.4 

1.7 

-1.5 

A 

X1B 

967 

2.6 

2.5 

-1.3 

29 

IIC 

976 

-  .2 

-  .3 

•1.9 

12 

I 

924 

•1.1 

•2.1 

•1.3 

22 

h 


L _ -2 


72 


TABU'.  XI IA 
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RANGE  OF  THE  PRESSURE 
OF  THE  INVERSION  BASE  (OAK)  AND 
PRESSURE  DIFFERENCES  AT  1700  POT 
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TABLE  XIII  (continue J) 
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